Objectives: To examine the demographic and psychosocial factors associated with increased fruit and vegetable (FV) consumption among smokers residing in public housing. Design: Cluster randomized trial of 20 public housing developments (HDs). Ten housing developments were randomly assigned to a FV intervention and 10 to a smoking cessation intervention. Primary Outcome: Change in daily FV intake over the past 7 days at 8 weeks postbaseline. Results: Above the effect of treatment, baseline confidence for vegetable consumption (model coefficient ϭ 0.19, SE ϭ 0.07, p ϭ .01), decreased barriers (model coefficient ϭ Ϫ0.12, SE ϭ 0.04, p ϭ .002) and increased agency (model coefficient ϭ 0.08, SE ϭ 0.04, p ϭ .03) were significantly associated with week 8 FV consumption. Conclusions: Although the intervention produced significant change in FV consumption, the majority of individual psychosocial factors were not associated with this change. Future studies examining the dynamic interaction between interventions and individual, social, and environmental factors are needed to more fully explain dietary change among public housing residents.
Fruit and vegetable (FV) consumption is protective against several chronic diseases, including cardiovascular disease (Ascherio, Katan, Zock, Stampfer, & Willett, 1999; Hooper et al., 2001 ) and certain cancers (Block, Patterson, & Subar, 1992; Gandini, Merzenich, Robertson, & Boyle, 2000; Wargovich, 1997) . In 1991, the National Cancer Institute (NCI) initiated the 5 A Day for Better Health Program as a national effort to increase FV consumption. Since then, several behavioral interventions aimed at increasing FV consumption have been examined (Langenberg et al., 2000; Resnicow et al., 2004; Steptoe, Perkins-Porras, Rink, Hilton, & Cappuccio, 2004) . In a recent meta-analysis, Ammerman et al. (2002) found that among 22 behavioral interventions for improving FV intake, 17 reported significant increases, with an average increase of 0.6 servings per day (Ammerman, Lindquist, Lohr, & Hersey, 2002) .
Despite these efforts, FV consumption among the United States population remains well below recommended guidelines; in 2000, only one fourth of the U.S. population consumed at least 5 FV servings per day (Serdula et al., 2004) . Low socioeconomic groups have even lower FV intake compared to their more affluent counterparts (Serdula et al., 2004) and are at increased risk for many cancers and chronic illnesses associated with diet (Ward et al., 2004) . Individuals of lower socioeconomic status are also more likely to smoke (Paavola, Vartiainen, & Haukkala, 2004) , and in turn, smokers report consuming fewer FV compared to nonsmokers (Genkinger, Platz, Hoffman, Comstock, & Helzlsouer, 2004) . Taken together, smokers of low socioeconomic status are among those at highest risk for inadequate FV consumption and for multiple negative health consequences. This group, therefore, may derive substantial health benefit from increasing their FV consumption (Hung et al., 2004) .
Understanding factors that determine FV consumption is important for improving the effectiveness of dietary interventions. Among low-income populations, several psychosocial factors have been identified as cross-sectional correlates of FV consumption, including financial hardship, time constraints, knowledge of recommended intake, perceived barriers and benefits, self-efficacy, social support, and the perceived importance of increased FV intake (Trudeau, Kristal, Li, & Patterson, 1998; Van Duyn et al., 2001) . There is evidence that positive dispositional traits, such as goal-directedness/hope (Snyder, 2002) , are associated with preventive health behaviors such as physical activity (Harney, 1990) , protective sexual practices (Floyd & McDermott, 1998) , and adherence to medical regimes (Moon, Snyder, & Rapoff, 2001) . The connection between goal-directedness/hope and FV consumption has never been examined.
Furthermore, FV intervention studies with low income populations have demonstrated that changes in psychosocial factors predict changes in FV intake longitudinally. For example, Langenberg et al. (2000) found that improvements in self-efficacy, social support, knowledge, perceived importance, and personal responsibility for FV consumption accounted for most of the intervention effect among nearly 1500 low-income women enrolled in a dietary intervention program (Langenberg et al., 2000) . Steptoe et al. (2004) likewise found that short-term changes in psychosocial factors after an 8-week intervention, including improved social support, self-efficacy, and perceived benefits, significantly predicted 12-month changes in FV consumption among a low-income population (Steptoe et al., 2004) .
Our group recently completed a randomized clinical trial with smokers residing in public housing developments. A FV intervention was used as the comparison group, in place of a placebocontrolled group for the smoking cessation arm. The results of the trial, described in detail in elsewhere (Ahluwalia et al., 2007) , found significantly greater increases in fruits and vegetables in the FV group compared to the cessation group. The purpose of the present analysis was to further our understanding of the factors that led to increased FV consumption in this high-risk group. In particular, our objectives were the following: (1) examine the baseline demographic and psychosocial factors associated with baseline FV consumption, (2) examine what baseline demographic and psychosocial factors predicted change in FV consumption at week 8, and (3) assess whether changes in psychosocial factors from baseline to week 8 were associated with changes in consumption. Based on previous research and the theoretical frameworks guiding the intervention, we were particularly interested in the impact of demographic variables, perceived barriers, social support, autonomous regulation, motivation, confidence, and goal-directedness on dietary change.
Method

Participants, Setting, and Design
Study design, methods, and inclusion/exclusion criteria have been described in detail elsewhere (Jeffries, Choi, Butler, Harris, & Ahluwalia, 2005) . In brief, this study was a cluster-randomized trial in which 20 public and section 8 housing developments (HDs) were randomly assigned to a fruit and vegetable (FV) or smoking cessation intervention. All HD residents were invited to attend a community health fair held at their development. Health fair attendees completed a questionnaire assessing smoking status. From this, smokers were identified for potential inclusion in the randomized trial.
All participants provided written informed consent. The trial procedures were approved by the University of Kansas Medical Center's human subjects committee. Randomization occurred at the HD level at the conclusion of each health fair. Block randomization (with a block size of 4) was used to stratify by elderly and family HDs because age is associated with key smoking variables. Treatment assignment was revealed to the study coordinator and research staff only after each health fair was complete. Sequential enrollment continued until 20 HDs were randomized; 10 to the smoking cessation arm and 10 to the comparison arm. Recruitment occurred between October 2001 and May 2003; participants were followed for 6 months.
Intervention
The FV intervention included three components: MI counseling sessions, educational materials, and resources that included a bag of fresh FV and a cookbook of healthy recipes containing FV. MI was used as a counseling technique to move participants toward commitment to change through the use of reflective listening and exploration of their ambivalence about change (Miller & Rollnick, 2002) . Each participant received five individual MI sessions with a trained master's level counselor at baseline, Day 10, and Weeks 3, 5, and 20. Participants in the FV arm received standard FV educational materials at baseline and two videos addressing how to buy FV on a budget and how to incorporate FV at every meal and snack. Participants in the smoking cessation arm received an 8-week supply of 4-mg nicotine gum, instructions for using the gum, educational materials related to quitting, and five sessions of motivational interviewing (MI) counseling aimed at smoking cessation.
Theoretical Framework
Selection of the intervention components was guided by Social Cognitive Theory (SCT), the Health Belief Model (HBM), and Two-Dimensional Model of Cultural Sensitivity. SCT posits that self-efficacy (an individual's belief in their ability to make a change) and outcome expectations (belief that making a change will lead to a desired outcome) are important determinants of health behavior change (Maibach & Cotton, 1995) . Accordingly, the intervention addressed the importance of and self-efficacy to change and positive expectations for cooking healthy, such as the nutritional value and health benefits of commonly available FV. HBM suggests that behavior change is most likely to occur when an individual believes her/she is at risk (perceived susceptibility), that the consequences are serious (perceived severity), and that the benefits (perceived benefits) outweigh the barriers (perceived barriers; Becker, 1977) . Following from the HBM, a portion of each MI session focused on an activity where the benefits and barriers to increasing FV consumption were explored. Another exercise encouraged participants to consider the reason for and risks and consequences of maintaining their current level of intake. Finally, the Two-Dimensional Model of Cultural Sensitivity guided the cultural tailoring of the intervention (Resnicow, Soler, Braithwaite, Ahluwalia, & Butler, 2000) . "Surface structures" were incorporated by featuring predominantly African American images and graphics in the materials and by developing a cookbook incorporating recipes and foods common among the African American community. "Deep structures" were incorporated through the print materials and counseling, which addressed unique barriers (i.e., poverty, dietary prefer-ences) and core cultural values (i.e., religion/spiritualism, collectivism, and family) of our study sample.
Outcome Variable
Fruit and vegetable intake. The primary outcome for the present analyses was change in FV consumption at week 8, assessed using a 2-question measure adapted from the Health Habits and History Questionnaire (HHHQ; Block, Hartman, & Naughton, 1990; Block, Thompson, Hartman, Larkin, & Guire, 1992) . Using an open-ended response format, items ask, "Over the past 7 days, how many times did you eat fruit, not including vegetables" and "Over the past 7 days, how many times did you eat vegetables, not including fruit." A follow-up question asked if this was times per day or per week. All responses were converted to a times per day estimate. Items were then summed to derive an index of daily FV intake. The reliability of this measure has been documented in previous studies (Resnicow et al., 2004 (Resnicow et al., , 2001 ). Additionally, validity data indicates small to moderate correlations with 24-hr dietary recalls and total serum carotenoids .
Predictor Variables
Demographic characteristics. Baseline assessment of demographic information included age, race/ethnicity, marital and employment status, income, and education.
Psychosocial factors. Perceived barriers to FV consumption were assessed with 13 items deemed most relevant by expert consultants from a 27-item scale Resnicow & Wallace, 2000) . Items used a 4-point continuum ranging from "Doesn't affect me at all" to "Makes it very difficult." Evidence of construct validity is derived from significant associations found between barriers and FV consumption (r ϭ -0.16, p Ͻ .01) in previous studies and the significant relationship found between decreased barriers and FV change (model coefficient ϭ Ϫ0.12, SE ϭ 0.04, p ϭ .002) in the present study. Internal consistency for the items used in this study was 0.76.
Social support for eating FV was assessed by 2 items derived from the work of Sallis (1987; Sallis, Grossman, Pinski, Patterson, & Nader, 1987) and Baranowski et al. (1995) . Items included, "How much encouragement do you get from your family to eat more FV?" and "How much encouragement do you get from your friends or work colleagues to eat more FV?" Response categories were on a 4-point continuum ranging from "None" to "A lot." Evidence of predictive validity is derived from the scale's ability to predict dietary change found in previous studies (Fuemmeler et al., 2006) . Internal consistency for the items used in this study was 0.72.
Motivation and confidence were assessed separately for fruits and vegetables using single items found to be related to dietary and smoking cessation outcomes in previous studies Resnicow & Wallace, 2000; Rollnick, Butler, & Stott, 1997) . Questions were phrased based on the program's predetermined goal of encouraging a daily intake of up to four servings of fruits and five vegetables. Fruit items included "On a scale from 0 -10, with 0 representing not at all motivated and 10 representing very motivated, how motivated are you to increase/maintain your eating of 4 fruits/day?" and "Assuming that you wanted to, how confident (0 [not at all confident] and 10 [very confident]) are you that you can increase/ maintain your eating of 4 fruits/day?" Items assessing motivation and confidence for increasing vegetable were phrased similarly.
Autonomous regulation, or the extent to which participants increased their FV consumption because it held personal importance for them (vs. doing so because of external pressure), was assessed with three items from the 6-item Autonomous Motivation subscale of the Treatment Self-Regulation Questionnaire (TSRQ; Williams, McGregor, Zeldman, Freedman, & Deci, 2004) . Items selected were based on those with the highest factor loadings from a similar study of dietary change (Resnicow et al., 2005) . A sample item is: "The reason I eat fruits and vegetables is because I personally believe it is a good thing for my health." Responses are on a 10-point scale ranging from "Not at all true" to "Very true." The TSRQ has demonstrated adequate reliability and validity (Williams, Grow, Freedman, Ryan, & Deci, 1996; Williams, McGregor, Zeldman, Freedman, & Deci, 2004; Williams, Rodin, Ryan, Grolnick, & Deci, 1998) . Internal consistency for the items used in this study was 0.87.
Goal-directedness was assessed using the Hope Scale (Snyder et al., 1991) . This scale consists of 8 items from which a summary score and two subscale scores (Pathways and Agency) are derived. The Pathways subscale taps the perceived ability to find routes to reach desired goals and the Agency subscale measures the perceived motivation to sustain goal-relevant pursuits. Sample items include: "There are lots of ways around any problem" (Pathways) and "I energetically pursue my goals" (Agency). Responses fall along an 8-point continuum ranging from "Definitely false" to "Definitely true." The Hope Scale has demonstrated adequate reliability (␣ ϭ .74 -.84) and validity (Snyder et al., 1991) and, in the current study, was found to be internally consistent (␣ ϭ .80, Agency; ␣ ϭ .82, Pathways).
Procedures
Trained research staff explained the purpose of the study to participants and obtained informed consent. Upon enrollment, research staff and participants were blind to treatment assignment (e.g., smoking cessation or FV consumption). Participants learned of their treatment assignment at their first in-person counseling visit (Week 0). A baseline assessment was conducted at the health fair. Outcome assessments were conducted at Weeks 8 and 26. A trained research staff member read all survey items aloud to participants. Participants were compensated $40 at the health fair and at Weeks 8 and 26. To minimize attrition, participants received phone-calls and postcards reminding them of each upcoming visit or telephone counseling session, and additional incentives (e.g., movie tickets, T-shirt, water bottle, or tote bag) were provided at interim in-person visits.
Statistical Analyses
Categorical variables were summarized with frequencies and percentages and continuous variables were summarized with means and standard deviations. Change scores were compared between the two treatment groups using a mixed model to account for the intraclass correlation. To minimize the possibility of a Type I error, the individual impact of each predictor on baseline FV S254 consumption and FV change was assessed using a mixed model adjusted for treatment and clustering (intraclass correlations) within housing developments. Only significant variables were included in the final mixed model, which examined the factors jointly associated with FV change. For all mixed models, the Proc Mixed approach was used. This approach assumes a compound symmetric correlation to estimate the clustering, or intraclass correlations, within housing developments. All analyses were performed on an intent to treat basis. Missing values for FV intake were imputed as no change.
Results
On average, 21% (range 8%-66%) of adult residents attended a health fair at their HD. Of the 813 health fair attendees, 273 smokers (33.6%) were identified and screened, 204 met screening criteria, and 173 (84.8% of those eligible) were randomized, of whom 107 were assigned to the FV arm and 66 were assigned to the cessation arm (see Figure 1) . Of the 173 participants, 151 (87.3%) attended their Week 8 visit. No significant differences were found between groups in the rate of missing data ( p ϭ .22) or in baseline FV intake among those who dropped out and those who returned ( p ϭ .87).
Baseline characteristics of the study sample are summarized in Table 1 .
Means, standard deviations, and change scores by treatment group for FV intake and the psychosocial variables at baseline and Week 8 are summarized in Table 2 . Significant differences were found in FV change scores between the FV and cessation groups. Specifically, at 8 weeks postbaseline, the increase in FVs reported by the intervention group was 1.58 ( p Ͻ .001) servings greater than the increase reported in the cessation group (see Table 2 ). No other significant between group differences were found in psychosocial change scores. 
Baseline Factors Associated With Baseline FV Consumption
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p ϭ .02) and confidence (r s ϭ 0.19, p ϭ .01) for eating more vegetables, autonomous regulation (r s ϭ 0.21, p ϭ .005), perceived ability to find routes/alternatives to reach desired goals (i.e., pathways) (r s ϭ 0.19, p ϭ .01), perceived motivation to sustain pursuit of desired goals (i.e., agency) (r s ϭ 0.18, p ϭ .02), and goal-directedness (r s ϭ 0.18, p ϭ .02) were significantly related to baseline FV consumption.
Baseline Predictors of FV Change
A series of t tests were run to assess whether demographic and baseline psychosocial factors predicted change in FV consumption at Week 8 after accounting for treatment group. Baseline confidence for eating more vegetables was a significant predictor of change in FV consumption at Week 8 (see Table 3 ). For every unit increase in confidence, FV consumption increased by 0.19 servings per day (SE ϭ 0.07, p ϭ .01).
Psychosocial Change as Correlates of FV Change
To examine the individual associations between psychosocial and FV change scores from baseline to Week 8, a series of mixed models were run. Each psychosocial change score was analyzed in a separate model along with treatment. The results of these analyses are presented in Table 3 . After accounting for the effect of treatment, increases in FV intake at week 8 were associated with a decrease in barriers and an increase in agency. For every unit decrease in barriers and increase in agency, FV consumption increased by 0.12 (SE ϭ 0.04, p ϭ .001) and 0.08 (SE ϭ 0.04, p ϭ .03) servings per day, respectively.
Barriers and agency were then analyzed together, along with treatment, in a final mixed model to examine if changes in barriers and agency were jointly associated with change in FV consumption at week 8. Results of the final model, displayed in Table 4 indicate that, above the effect of treatment, decreased barriers (model coefficient ϭ Ϫ0.12, SE ϭ 0.04, p ϭ .002) and increased agency (model coefficient ϭ 0.08, SE ϭ 0.04, p ϭ .03) were significantly associated with increased FV consumption at week 8.
Discussion
Consistent with other studies conducted among low-income populations (Langenberg et al., 2000; Steptoe, Perkins-Porras, Rink, Hilton, & Cappuccio, 2004) , this secondary analysis of a randomized trial found small but significant cross-sectional associations between baseline FV consumption, motivation, and confidence for fruits and vegetables, autonomous regulation, and goal-directedness, indicating that individuals scoring higher on these domains were consuming a greater number of fruits and vegetables at the onset of the trial. Of these baseline factors, only confidence for vegetables remained a significant predictor of FV intake at Week 8; however, it is possible that this relationship may be due to chance (i.e., Type I error), given the number of baseline factors examined.
Consistent with the literature, which has found limited predictive utility of baseline psychosocial factors (Baranowski, Cullen, & Baranowski, 1999; Steptoe et al., 2004) , none of the other baseline factors significantly predicted 8-week FV consumption, calling into question the usefulness of baseline characteristics in predicting longitudinal dietary change among a low-income sample. Although the reasons for these findings are unknown, it is possible that participants struggled to accurately estimate psychosocial factors at baseline causing a disconnect between initial attitudes/intentions and the ability to carry out dietary change (Steptoe, Perkins-Porras, Rink, Hilton, & Cappuccio, 2004) . For example, participants may have overestimated their baseline confidence to eat more fruits and vegetables due to inexperience with change attempts and overcoming barriers. Barriers displayed an increasing trend from baseline to Week 8, indicating that barriers outside of their control (e.g., fresh fruits and vegetables were too costly or not readily available at their grocery stores) may have diminished any effect of initial perceived ability to increase FV intake. Contrary to many of the current health behavior change models (Montano & Kasprzyk, 2002) , it is also possible that attitudes are an artifact of behavior, not the cause, thus limiting their predictive utility. The notion of behavior-shaping attitude is not new to the psychology literature (Bem, 1972) , and a recent meta-analysis of physical activity change supports this idea. Specifically, although attitude, intention, and self-efficacy accounted for much of the variance in activity level across studies, these relationships were attenuated when prior behavior entered the model, suggesting that prior behavior may be more important in influencing behavior change than current attitudes (Haggar, Chetzisarantis, & Biddle, 2002) . Future research is needed to further examine and explore the causal relationships between past and/or present behavior and current attitudes in shaping behavior, particularly as it relates to dietary patterns.
Our findings and those of others (Langenberg et al., 2000; Steptoe et al., 2004) , indicate that changes in psychosocial factors may play a more important role in dietary change than baseline values. Specifically, our results suggest that interventions aimed at decreasing FV-specific barriers and increasing agency-related goal-directedness may be particularly important for improving FV intake in this low-income population. Inter- estingly, agency reflects a general cognitive disposition rather than a FV-specific construct and suggests that individuals who believe they have the ability to reach desired goals, and are able to maintain this positive disposition in the face of challenges, are more likely to experience success (Snyder, 2002) . Results highlight the importance of addressing both construct-and trait-specific factors in eliciting dietary change and suggest that agency may be a necessary component to compliment behavior change by providing individuals the willpower to carry out construct-specific changes. However, these results should not be overinterpreted. No significant relationships were found between treatment and psychosocial change scores, suggesting that decreased barriers and increased agency were brought about by factors outside of the intervention. It may be that the intervention impacted psychosocial factors (e.g., knowledge, intentions, social norms) not examined in the current study. Alternatively, the lack of relationships between treatment and psychosocial change may be an artifact of our cluster randomized design, which utilized housing developments as the primary unit of analysis, thereby limiting the degrees of freedom and decreasing the likelihood of finding significant relationships.
It is also important to note that the majority of baseline and psychosocial change factors were not significantly associated with behavior change. This lack of a relationship is consistent with the literature in this area (Baranowski, Cullen, & Baranowski, 1999) and may be due, in part, to our assumption of linear relationships. As suggested by Resnicow and Vaughn (2006) , the inability of current behavior change models to adequately predict behavior change may be related to an assumption that change is a rational and gradual process under an individual's volitional control. In contrast, some literature suggests that behavior change may also be related to "teachable moments" (e.g., being diagnosed with a chronic health condition) or spontaneous, unplanned, or random decisions that are difficult to predict but may serve as "tipping points" (Larabie, 2005; Matzger, Kaskutas, & Weisner, 2005; West & Sohal, 2006) . In addition, the inability of the majority of psychosocial factors to predict FV consumption may be due to our exploration of individual-level variables to the exclusion of broader social and environmental factors (Baranowski, Cullen, Nicklas, Thompson, & Baranowski, 2003) . Future research in the area could be improved by innovative methods that invoke and test the "random events" hypothesis, by implementation of multilevel interventions addressing the complex interactions between individual, social, and environmental factors, and a greater focus on disentangling not only if interventions work but how and for whom they work.
Several limitations should be noted. Our findings are based on a comparison group of smokers recruited from health fairs at their HD to receive a dietary intervention as an attention control in a smoking cessation trial. Our results, therefore, may reflect self-selection bias. The external validity of our findings is limited by the fact that participants were not representative of the entire HD community and caution should also be taken in generalizing the findings to nonsmokers or other low income populations. The assessment of FV consumption was based on self-report via a brief screener and is, therefore, subject to response and recall bias; however, our randomized design should have distributed these potential biases equally across both study groups and data from other trials has found consis- 
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tency between self-reported FV intake and relevant biomarkers (Steptoe et al., 2003) . Additionally, validity data on the screener indicates small to moderate correlations with 24-hr dietary recalls and total serum carotenoids . Finally, caution should be used in inferring causality in our change analyses. We examined the associations between changes in psychosocial factors with FV intake measured at the same time point; therefore, it is not possible to determine whether psychosocial changes preceded increased FV consumption or were secondary consequences or correlates to it.
In conclusion, despite significant cross-sectional associations found at baseline, the majority of psychosocial factors were not associated with dietary change. While the intervention was successful in increasing FV consumption among smokers residing in public housing, the individual-level psychosocial factors examined in the current study were not robust for explaining this change. Dietary interventions among low-income populations are critical to improving the health of this underserved and high risk group. Future studies examining the dynamic interaction between modifications in dietary change, individual-level, and environmental factors are needed, as are dismantling studies that provide insight into how, why, and for whom interventions work. 
